N95- 23424 


S/2-3j/- 


Abstract 

Prediction of Incidence and Surface Roughness Effects on ^ 

Turbine Performance 


if 

/ 776 " I looey 


R. J. Boyle 

NASA Lewis Research Center 
Cleveland, OH 44135 


The results of a Navier-Stokes analysis for predicting the 
change in turbine efficiency due to a change in either 
incidence or surface roughness is discussed. It was 
experimentally determined by Boynton, Tabibzadeh, and Hudson 
that polishing the SSME high pressure fuel turbine blades 
improved turbine efficiency by about 2 points over a wide 
range of operating conditions. These conditions encompassed 
the range of incidence seen by the turbine blading during 
flight. It is also necessary to be able to predict turbine 
performance at various operating points for future rocket 
turbopump applications. The code RVCQ3D, developed by Rod 
Chima, was used to determine the effects of changes in 
incidence angle on turbine blade row efficiency. The midspan 
Navier-Stokes results were used in conjunction with an 
inviscid flow analysis code to predict the efficiency of the 
two stage SSME over a wide range of operating conditions for 
smooth and rough turbine blades. The use of the Navier- 
Stokes analysis to predict changes in turbine efficiency due 
to variation in incidence angles was found to be superior to 
other incidence loss correlations available in the 
literature. The sensitivity of the Navier-Stokes results to 
grid parameters is discussed. 


The effects of the surface roughness were accounted for 
using the Cebeci-Chang rough wall turbulence model. This 
model was implimented in the code RVCQ3D. The implimentation 
of this model for predicting the change in efficiency is 
also discussed. 
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COMPUTATIONAL APPROACH 


CO 

111 

C/3 



C/3 

Z> 

o 

o 

C/3 




o 

o 

CO 



LU 

CO 



Q 

111 

Q 

111 

LU 


>- 

LL 

DC 

LU 


CO 

CO 
>- 

< 
z 

< 

* 

o 

D 

a 

>- 

LU 

> > 

H 

< 

LU 
DC 


a 

LU 

a 

LU 

LU 


CO 

LU 

CO 

< 

O 


O 

< 

O 

DC 

Q_ 

Q. 

< 


Q 

CO 

I 



m 

co 




q 

o 

co 



1264 


VISCOUS - RVCQ3D - MIDSPAN 
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MODIFIED FOR ROUGHNESS EFFECTS 

CEBECI-CHANG MODEL 
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MODEL IN PERFORMANCE CALCULATION 
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DOES ONE CORRELATION FIT ALL CASES? 
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TRANSONIC FLOW CONDITIONS 



SENSITIVITY OF ROTOR LOSS TO GRID PARAMETERS 
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EFFICIENCY FOR SMOOTH BLADED SSME HPFT 
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INCIDENCE ANGLE, DEG. 
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INCIDENCE ANGLE, DEG 
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EFFICIENCY OF SMOOTH BLADED SSME HPFT 
NAVIER-STOKES DERIVED INCIDENCE LOSS MODEL 
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PRESSURE RATIO , PyP’ 4 



INCIDENCE LOSS CONCLUSIONS 
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IMPROVED INCIDENCE LOSS CORRELATION VIA 
VARIATION OF NAVIER-STOKES PARAMETERS 

NOT ALWAYS CONVENIENT IN EXPERIMENTS 



SURFACE ROUGHNESS 
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NEAR WALL DAMPING (A*) PART OF TURBULENT 
EDDY VISCOSITY MODEL 



EFFECT OF GRID AND SURFACE ROUGHNESS ASSUMPTIONS ON EFFICIENCY 
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EFFICIENCY FOR SMOOTH AND ROUGH BLADED HPFT 
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SURFACE ROUGHNESS CONCLUSIONS 
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NEEDED FOR ACCURATE LOSS & HEAT 
TRANSFER PREDICTIONS 



OVERALL CONCLUSIONS 
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